Functional consequences of alterations to Gly310, Gly770, and Gly801 located in the transmembrane domain of the Ca(2+)-ATPase of sarcoplasmic reticulum.
Site-specific mutagenesis was used to replace Gly310, Gly770, and Gly801, located in the transmembrane domain of the sarcoplasmic reticulum Ca(2+)-ATPase, with either alanine or valine. In addition, Gly310 was substituted with proline. In the Gly310----Ala mutant, the Vmax for Ca2+ transport and ATPase activity was reduced to about 40% of the wild type activity, but the apparent Ca2+ affinity was close to normal. The Gly310----Val and Gly310----Pro mutants were devoid of Ca2+ transport or ATPase activity and displayed more than a 20-fold reduction in the apparent Ca2+ affinities measured in the phosphorylation assays with either ATP or Pi. In these mutants, the rate of phosphoenzyme hydrolysis was reduced, and the ADP-insensitive phosphoenzyme intermediate accumulated. The apparent affinity for Pi was increased in the absence, but not in the presence, of dimethyl sulfoxide. The properties of this new class of Ca(2+)-ATPase mutants ("E2/E2P" type) are consistent with a conformational state in which the protein-phosphate interaction is stabilized and the Ca(2+)-protein interaction is destabilized. The Gly770----Ala mutant transported Ca2+ with a Vmax close to that of the wild type, but displayed more than a 20-fold reduction of apparent Ca2+ affinity. The Gly770----Val mutant was not phosphorylated from either ATP or Pi. The Gly801----Ala mutant transported Ca2+ with a Vmax of 126% that of the wild type, hydrolyzed ATP at the same Vmax as the wild type in the presence of calcium ionophore, and displayed a 3-fold reduction in apparent Ca2+ affinity. The Gly801----Val mutant was unable to transport Ca2+ and to be phosphorylated from ATP, even at a Ca2+ concentration of 1 mM, but Ca2+ in the micromolar range inhibited phosphorylation from Pi. The ability to bind ATP with normal affinity was retained. The properties of this mutant are consistent with a disruption of one of the two Ca2+ binding sites required for phosphorylation with ATP.